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1. Ppse: Air Weather Service Technical Fport 105-124 is published
for the information and guidance or all concerned.

2. Origin and Scope: This Report was prepared by the Air Weather
Service detachment at Guam in response to a directive of Headquarters, Air
Weather Service. it was reproduced by Headquarters, ist Weather Wing,
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technical part of the original report from Guam, for use of forecasters
and research meteorologists.
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I1TTROflUCTION

The pu~rpose of this report is to pvQvide information opnerning the

to evaluate foreca ting techniques* operational otivitle" of the *M
ng, Servideo an4 reconklasance, The euklSee of itf orinatlon Are

to provide a oomlpeot reftrance fca? studying 'Uhe 1951 seazon*

detl~ as in the 1949 &aid 1IqS Annual Roport due to ehorta of porsoh-
nel and the belief tkat most of the #Iawoli and mothoapL wore -oowl'asie)r
treated in the two Previtois .(,nnua1- Poportbs~ %1h 1950) repprt wvas ompiled

sy ix.forecaste~s framt the Genter, two. oboerver.draftsrmeu, and one for.!.

ompi3.ea by two forecasters from the Oouter, one observer-drafte2-ant &An
one forecastor from the 54th* Tho dlecUdslon of foreoasti1.g t-004n~ol
is limite& primarily to Wzrapolations olt.intolog7, end 4 nqptlo analysis
because they- are the primary '"toolso of all tbe unitz of tba N7etwork*.

A&n attempt hag lbeet made'to prevent du~plication, in this report, of
material presented in the 1049 and 1950 reports, -A2ll three tta&ual a t
should be 4sed as it single un3.t. for roference or training P=xposes

Acknwledgoment is made to all units of the Typhon Ya11I.& Service
f thelr oixtstawing contributions to a successful soason adfrpoi.

ing the informnation for this reporto



AtOMILATIR AND BgAVO

Troptcal Meteorology, especiall~y that part pertainxing. vo tropical
cyclone formation and bellaylo;', has not as yet reacod stuo?. an advar~ed
atage that hard and fast. ruler. can be established. There bave, ieeA zrnny
theovies propogea L explain an& predipt these penomenal which are zany
times difficult even to'desqrib. To pitt man~y of. these theories into
practifie iv ineed dificlt 1.eoause of the Uok of data,, YFr this same
reasot, cautt~.o should bbeercised whn applyng' the various rules, for

mos ar ' a ed A " Int rpr tat on~ f t ese spa rs:e data # P erlhap; if the

dat 'Wer ne tinndan thseareswudingetespe ntlies zeor
beomn th.Invldn trpia f'rcyc2.lonewt suld comend to 45a
fnmtsior gritr the een int ikfri. doe.~ S.14jyis 'not ar es On~ be~d
Meeroly wepeinolue ntn Ow th1940 pg 2 lm t P.143 Af Wether Wtoing tormsc--
or lltion whic hveotr velpn pri yaing th ~~wass ould b

Vnitily theae& itunhces wreithel cloes wity Wveor vics, f 4
seany iectno they weefs~hat paiget aneositl o that a ntropical st orms5
ory tpon hich~at aster "vle bzltn4Ia~e duringte atq seso s o lys
tha a*xic theo disturbances dechverbfrsoptoed near Xwen .~talel, bs
Iinallyhav hee -disournes werte ei ftha satorly, vbat ort vptroessoam
maytimes arey soecre tatc it inteifcuty tha peify wano dmed nes-

thary t1, itat~ e ater y abletirogr It wa~areat 6ulin poszlywis
thtmm feedisturbances d wgeveled ear, This Pe:# gAmcally b em

even~ more valuable through the full and dilligett ooperation of all parttol-

the few, reporting sttbrs alozig this route. Throughout most of the 1951.
seasOnt, upper air reports from Truk mad Ponape camne In no zore often than
tvite "oah day. Thin is no t considered to be adequate to meet the needs
of the Typhoon, *xting Servicao VAny times a vortex can pans by one of
these stations,, and, because of the 12-bour interval between upper air
reporter, ao evioer will be given of its passage.

Several. Wnioss fCor detecatiou of eastarly waves have been. usedv ith
relatively good sUnceas. Some. of those are as f ollowel

lo Tmitym..?our hour pressuze ohe~ps -of .-1 to -3 millibarso

2. Vriation in wind directimi from normal easterly flow, Wfind
usually shifts from tortheast through east to southeast 'it the layer
below 700 millibars.

1
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3. 4sterly winds above normalJ it, a sa*lU. area.

4. 116 u61i moikt% o:. heaVy pr~cipitat.ox persistingf~ ove rr

5" Prolonged periods of lIow ceilings at a give~n station axicomiiin1ed

by thickk midle &'high 0loU~iness. I
These Indices AV ujeao in, the 2143d A~r Weathox 11146 %ttev se-1l30, emd
have beeu used tb oughc~t toho brile,P hist3ory Of the FEitarly Wave Togr,& In

Le w aiua theAo indices.. In the i±h of two iears of ~rati an' ot
the Easerl.y Wave Vrogiam. DO 24,-hOur'prSssxe falls of bne 30, three illi-

bars idinat~h, cah or passuae 'of a4. eastetly artO,±t
pe =ao of 04i -!dlpated by przolongod, heavy prtepitatiou at, a tin

Because. of the small spape or tt)Ae Prltin. orsaure#. -exopt f or
diil -ehoxgee direet analysis of the pressuro xfideU in the 'tropics U o

Vral.xe, U s ny n t 5oinity Of v~ellevlped. tropioal
_y ,yclones that the presbuxe gradme.aestie any eAgrlf.oaoe However' byV

oml~qja of ch~anges in prosurej using 24-hour *hages to, minitm5.e diurnal
..variations,. detection of aJ.ight distrbanoee. Is sod possibloo t bus

been notieed mimy times during thi eiisteoe ifi~ tS~a~terJiY Wave Trgram
that pressure falls of Ogg to tbxoe millibars'do not aedftpanv. =0oatriy
wave P%4WLsags At jother tt.t Us notod when the ezistenee of' 4% iVa
cannjot be G~tabiuhe4. L*n the Qthej n, viellmdef5.ned, passagov have been
noticed with aecompanying pressre rtsoq 'Mie. passsagee Vero InditAted

VIby _sharp wind shif'ts, hivy oontina.ons rains~ axi. thick atostratuas over-,
oastsv.. Thip eriterkdn'.t 24 -hour 3prossu d falls is'by. Itselfneither

kolableso a. means of d.otedting easterly vaves..,

*ProlonipdL periods of low Ceilings aoipaneedby both, middle "ad high
2cloudiness !,*ve beenou'derved 'which cannot be explaine&-a. quaivily by

easterly. iVaY8 or. vortices. The to have .lso been di~ f abov* anria
rainfall wbiob oannot 'be explained, adequately by thorP.

-Most reliable as - heau, of detection, is. .analyfe.6 f the. flold. Of
ztiotn. Vhfortunately, not enuhd.aar -~lbefor COMPleto wMlys~
of this ±'4e3I& Azalysis can b-e perf prmed. on -the rd.Ivia1 tim .pross-

- tons, and good resialta obtaited.. This analysis can J'urthoe aug6
*noatd by aima3.six of reports from tiiethor reconneIsane. *)bny times It

Is iffe~tto det~at tileproonoe&Zan -asterly waveby thio means

beenfiewindhitv ae'oten l fton no more tan o0 to 2Qdree
incrasesi~ win someg ili es-o* hichdb a good wassocif atedt

Rboesut n o f nreoiatyie wiat 10-cge ton Inoa tha es 't)nxe ofes e se~

" a t#4er imn&"more rel:6ble rasans of ditectihg these disturbances*

41



but it Is unl.ikely that there will be any'time in the near future whenU
the tropical f oree~ster raust apt. be, qo antly. pa tl~p alox.,,.nd U"e
every 80orap Ofr data.'

Avrage speed. 0; movement f dr. the'e"" vs 1,',b%* state4 Mny'
time ~ U psbi . nts. This is a good apoximxztion' ara mse m

coigpUbatio a quito easy. iloem~ar, this, avrage ppeed has .been, perhaps,
bverwdrked ina the- pAit,:rslig losi OX 0Qflri4eX\e in' t. P. rat
Itself * It' Mait be ronmzbered that this spe& is an avar&Ag, au& shou14
bo tkented as isuchp e&o oeet4,a h 01isawon .has
f rom 6 knots .t o above, 1.6 "knots ' Znthe- ;aseuoo ot otbor~ -C ito.t 'is a
ood polic* '606 eirplte i;'wve Woot at the last knoVA- a."wrap p

When no ~averLage speed a" e b~ae it is thpn a. 4 gdIdea to oi-,
ca e etil~ ir4'~as p.f~nt theit nergt nh~~era --

*The V6-e of,4 10 Imot'aVqra.e ope~d ahui ba-used~ top, 4palx obX hAs
been-the practlo, -

Xost of the wavoo are-:" i3.f nd.. .~br T s ort t h 'e# times
~ of et -~nia~ n a a tho *'eath p t0Vera tO be. oi3)eIated

*Intaoes o' wether ocs i at . tzi of pe&ssage 'havq been as' provalent
xainotanObs of wvathoer oirri.g either beore6 or aotr, pasegb

I ~ ~ Afer etatar4 wa"8 aiaTotieai GDhI they inraiu-
_t tj k,.4jM' olok -~a. nl, r ieul.reporting46Mtioa btee 4t~e an h~ip~s bpth -beow' 1 0" ares'

Aorv. ltitdo Thie, tat! O C 'as' in the .0ae . of.Tru 4 Von'aya. ba
no more- thh;VW& tappiet fir sounding pr d-7t

Gozo iad.iXnZri* ie Th@ere 're no et t1pns-nrt~~ f' Gizwto
iniato ts, ias sarhat hpenden i wther. rbsl 1 thcewrI a amn im~tldepende~t, -pco nA!i!san0 AA ateo Utn A~a 'ITO. 1is nrth ot
thsoe Staion's, 4i1. rortS'el ofVe Ut~'Value 4i' 4e eobin the1
presenoo of disturbanices, D~ur t.he 1951 sa,. andw xoro'. were Of
gove -value in trang' aebter 5l hd hang fdthaso 4wig

dasrur'bancea %ov __ - o
or thtstos, tthan d iL95'soo I~ man ea

As easterly wYsapoc um hjutb tIe4 f or gig." of

6afo.!.n everal. rules Iwo ,onpooed for p~dioting ..iAtensi-
floaizi f;% ortextq 4ra ba0 ee r

'i4eri izlik&"±n ftM 1k9 a44d l95Q'.Aiua1 I:9epoA. Azn e'vzauatio 94 dthe te
Ml'ueo i" iute. dlfki c\-l beaW4z4a 4.,t-he :Lack ofata. $**t ot the1 tj-.
the ogutes of i4: 6gfftiq~o are Ooufo,., -In using, thnee vules a, tn
sh'oul:4>ba exorcisat ; h .?reOAU' time, the bevt policy isJpp 0o
dlrba~A~ 'uide1; "oistam i4'vaillaace and watch for. signs, of jdreased.
wind~ spee'4, 'I~et~ rei-s of at oz~ttng weather. - *'y

.1Once th* -pratpaee of a well-doves oped troploal cyclone has baen
etblished,, the pobl.em og foreqastng lutura mbVen1.t &4 1.tei:0y

aris'6s., Tefp'eoastlx i*'o
fuztur zovomentt xUrinallye troplcal vyoloneg !#bat,- ti tyn9ozA4 lzk*-
teasity .o, not yaecreaseo a zionhSaZdous sau4~h~ ~ over ]sxge-
land ri" s rb~co4 e*rfxfe&d 114 the 9gr~asting; of ~~mnia

prnit rid senth X rino durii .the prvlo ,..seasoos showw-thg*-4roughs
an idsi ihi ~ te~jies*Inzluae6 the behvz, ftQpel Ooita a.

- 4



50ar typgo, of, 0ijMatojog4a atoies bavt6 beon prepared*.Q
t ehowng trar.Xs spa~ ~eadsp wa inau4ed In the 1949 kwhal

R~r * TPhose trk h. ve' bp~eL u~eu1 duing~ -Ue pasit two .eu~

V;"ois Aeft~z oultso Sov~ra .of 1hese ars icluzded i*1 thio e or~x
* pp 6 thro~gh 9 * bosqe inoluded are all that are vra±1abl.. at tbg

Seyezral times 4=$#g 02e 1961 0046o0A itble Vag, tobt.edo l'or the most -pt
these osoi1llations apeaiao. when 04. a&toMt was M46 to onnoatall of

the 'ec issa~cefie b-r 0ie, 11"* , A.4mttedly) thoz ' oeere'B
1,~~ee1~m~is~oefixes. Pur-i*g the 196i Seasoa. the .o*see

S~md;;shad Va~ ikll pftperiend peisoute1. Some Of tlao weather
observers and taizoe wqr in the. thlid tVphson seasono $oergl 'had
wfroX tbe20 .fie 4 aa

provided aro Viitotieirtte lsf1taq y : :

e ~rniaty between the jr&0kL 0:rw 4rf E6* the tye oscillatoary o h
described br br, Yoh# - hptrae1 along V4iioh Wzwra moed WO siallar''b. 4
trochoida er tbaz ofhascilati vTo arid fraxe, toh 16hizrsv whioh was

mU)0,&rttqi tbn, tw o -yre, enjet Rth#aia Ora#. The! Path$ of ,thiose
reseriblsd the small sluusidej waves *esczibed by0pei .n.~ r1Lr
U4* r4od f'. thatSofo~ 24 to 42 hours., ?eior 11l Ve e

putwsd' te th~e nearest 6zhux

Implitude is vathor b~r& to deoxarldies "'or several bz'acka cm be
doail which oatiso~ all~ rizoe. Vor these tropiotal cyol-one*, aeztd he
bost~bradk ix th& 'pition of the Jt ysB ~ asbeirv~

t1#thr ~gh O to oefseaihe Pthr biall tpoe the e f ifiie

* .ow~t tof cail~tos arei~h not as et kon. oaltr

rstrae~o szltwut value i pi Iaiowi lothat a It t i pical o lo1e tha s=6~o
of i1tho paiatsiu n evoaulto by 1rasa oaieak trougs i se-

times 1keeps, the forowstor from becomirg too hiasty 'it aforecast for
racurwkture If V* -z1ight north1 xovement I's indicated by one of the roon

Ono 'of 'the problems which is of grlwte 0 cocern ft forecasting
tropical eye' tone, movement is that Of rcVn'Vtu'O. , it is alww~s a PrOblem

as o, Whether or not a. typhoon. will roinh a position during tho f orecast

-*io -knrcu tr is ______6 jWto nP99 7tr, 2
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are fseveral chari which sa b mo o thlp in 49termin whether or
not a trapc2 y1n ill e Qe os ocn recurvatura
situatiogL oAsrs Wen r tr~a'pical troush "' eo'~h0fo ~e et
It is uoiualy quite &if: iulllt t~o clotormizie Whether the trbu& wlll
extend far enough zovtth or'be of sufficient- intlegnsty to'j;,ase reoum-,
tare., 1qorwallyr it the trough is moving 1'ister than 15 not s j rocur*-
tuwe Vill znpt 0(6CUrq There, my Jb a d~eflotion -to the north when the
trouf~e P"s , ho v~, .~h -0 ~ oi oteredota tee
of a tr opioal cyclone buids wxie&woi~ to
Of staktiou * the, tropical , ycione .446o often kouxyoa. Aso 0 Wh~u
eattropical trough Pro&,;es from, t-he wsst eaM. the high #aU -note

Of the opical '01ome been~s to 'move ealstviaid,. tzroca O6'Oiones

bore recu.rving.. ',uri~gthe'j951L se4so'n tho $ folloing was -to&*

Y~rge Yes
Srhyes e
Thln e '(20 I1nota) yes .

Bab 4 Yes Yes
I~uthYeu yes

1. 6 Gaes%
4 did deoler~te

P.2 did not

Thre tropjoal oycloaos,, Hopeo kate, and Joan rectirved before tens ifY .
ing Positio~s befors intensificationL are nt accurate enouflgh, to deter-
mine the average speelo for these partidular- tropical cyaoneo*, It' was

~, alsco-observredF 4_rihu thte 1951 season, tha~t 1friag Marrgai Rtth~ Wandat and
A;W had marked deceleaht i*Ae and no repurvatureo The criterion Of
dece:livtion by eolf is iiot ro1lAble as a means of detterining redurva-

'izar ALll tropical eyaones duriug thie 1961 seasot aocelerated ;aidly
After Veourving.

Most of the errows indurred in the f reatinag of xeuvtr are
from forooosting thiq'to happen too soou or from foreet ing too rapid 04
reciw'vature, Perhaps the best int ( after the aecisioal bas beon .mae is
to fiorecast slow, recurviatuze with the stora moving f~ret 31Qt'thwet, then
north# then slowly turning akortheasto

Another problem closely allied to that of recurvMiuire is looping,
Duriag 11M, :fouxr storms looped antloycionically. tiese wer4 Joan, Iris,

arA W.Ptnalytia tr~cks for these typhoons av a ircluded on
yes 2W through 26 #Joi~a was already recurrving when dtteated. aVd was
moving northeast. The typhoon became ntat',onary, thon otartvod Movizg
Sou-thvent. Iris bad rourva vest of the Phili pnes'an& moved someo 1500
miles Aortheast before looping. Hope was Ina tho precess of recurving from
south of Guam and had reached a position 4nost due wegt of G==m when

15.



loppng ccured Aq Orwsel te. hilppies nd began reeaurving slowly
norhwad ten ecae set-'onry nd1ooped,

Oeeif'k a, :4g ceto irortheazt oi thf, typhoon with a -6og AyrotteW.4
XTm.Vho Athwesto -.The tz'qpical~clon0. moves arott'd ~the periry ot
this high oenboeed. to.h -1n 'aolthast .and4 b gii' 14o: r"orv thou I.b iees-

as7 iti4 h.~ 4jah i41 bioQ tux''thQ W 4q~tQ to hooth or

moving 0, irr -n ono Isoix Movemo~.o~Lto

- -.There isa roc'fqv &,rguzeu~t a.to Whet her, thei ty ou aqtu411V ao petes
anf auticyaro1214: 409D or0 vts2a'wr 0Mt4bbk n ot'e r
~Xving.. Westwvard* .11r'~ px p~ie 0;. pontonAli ~~ tho Typhobn

and'.d "41xr tz'ack *a seas~on# op.w0- ~~ ia, both c~f these
and. he tads.dvaw _, showed uii, gbk a lCa Lei e 6erp

On~e couacl.Qzo, has left ftwz- after post Aysls OVthagq fortrtwa-
Ths lot.~q~~ after~ qornpJ-eting - lopj, d;,ias1tiou Oca.~witain 48 Sj

'12j oul -f the low t4ieo thbal otra or-s *tphoi

&issipate rop',~rtemvE~~~~e

stl Ie t'iu Loaati6

ila 'As a .e

loo~~ing#:,ti~o 4?e et$Ot~etad h ohrt~ 'VOInruet
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fluritg the 1951 MJt,--hc.% season"~ a.~wro~ f~r acuacy was.attair-sa by the T~b~, !43.4g r U* asons hw boeAi gwnfo thi4 impoe~wt %1, as - oqpe roe zme *~ c ~eoy~~peto forecast, etai*, howaeex, ± 2E .eir coz16AU06 portion 07910400resler.
fom1 the txpoou. forCB,00 ' I - weg Apo eaiee~s~othe three mo~ld. ta 46-r_0 1kP-16f 4T4.o~ propert reat ezta... o
Polatio'n and 47~ic Ja~ay~

2he poper. em1uftion of and ezmpbesu On the *tandbye# wa 42
impart oth b ' peZeiG and will be d~Iffl~att it not Impossible, to,impat t thsaeOomwr t1O the -f Uld in a shortktU*, mohbia been~ writenabout the evaluation of the too2ls0ag depaae ~ Mev.u notbio type 4e very &iffjeult due to tile rot, tba 4he tze ~ 0itrlocked and over.Upin. jqtapolair . ae.uo essei~ad tnotd a~'Ai U4th otf gt 1 hus eCimeato2.o&r hai~ o synoptic,sti~ato ~e as&UPOn 'faeOt , -'t1a b OM 4ee nted, 41'0t -bebayitar of*, -tkyoeonz In sealr eituaionm M the pimstt thus OlmeAtO3.ogy*

.-Despise theS &IffieultJOBs, merate(I In the par agph, abovo, ±

nioti. anlyee~aU .Pttem~t will be m~de o -boutlne hpoeur;b"1ioedto ]*Oftoe the best r'esult --

~~aet 42l On~odaps~ s~~lbe forPcaot track should -beT440 from el4patologioC4e & U ta e 3o43e4 -with -Iomto, niaeb.Y the SrOptic situation..~ q.fiieOR Ore 4a6e, 4 more hourste
ul ;r'~eIy-obt&_jti4ng eekf(%- cl1~mtolO '' a~d the e. froi 7-rolt±2 .r~e~"e

forecast tV hO g be mod.±fied-cautlouely by information abtaiue& fro -aSynoPt3.c &aay;S4 E* t is beilloved that the foiecagter should- be more.c&UUMOu 10i't, l~difyiirg 4th Syn0%ptic J74~s~i the, lo.1w6' latitudlesthtu In the znore northern arfts,, Y'urther., the forecoapttx can place mo~reemuhasis on synoptaic &nelygistwhen. Tecreiu is POC'urring* - uoptio,
-60p3 r aiio uld. .et~ r % o f r oe s ' rvaturot acce leration amad~eraionif T., n 4~ were' availabl.e to. dettorgdne the* poition,~0v~~1i~W-d 0tet "iltO the, tropl-c## of' loug mavest, +.2~rhw e±

Is3 ft' - 100 m411 4ibw-.c
be in'valueblea Im. Using the behaior Of th6, longi tr4 as at aid. totroica oclo~a o~casin4..~n dd~io.,the 200 .mil]ibar levelcould be used to d$a Mine th oygne6 ivez'gence existsabove, the ovolones. .~ hldyofthr -pe-i IOe~ -Advrec

hag ean n ai in asting intonsifiaat on or dea even though veryfew data w*ere alftlabie at the 2mO millibar level.

The equi-.pressure biseor zethod was used to fix Cente re Of Cyclon,98iti' t4he sxea. where a mumber of reports were Iavailable. The area of suf-fIdient 'Ue VaR, of cousoel 'north of the flat Preisuz'e field Or ~tropicei t jxfoV4, no evyaluation of this method couxld bo made for thelower latitudell

27



The 24-hour press~ure chante prof i -,iihcLro±41e were uvseci
ciUtte extensivel y,.t ;,]I init of' the TWhoon Wearniu Vatwork 41.iig-

-'the 91 aseas~on, 1,he zw rAVat6e -t *1Wmkd.At0.tofA

that lit oa be ipe to. ~ we i~e 00ti. ~~1

'The seof the fisteerng 1e'vei10 9 068i
f.ddfring the: pat. selaSonT. Occasionaliy Ar _titI

.eou3A be noted.. th~at 1;11 'oah Of a 01yolone Was f91Q'0WJg -theaq 9t "06

czetaiim l'evel o4A., g9. oreoutt Alr~oor dbta~lned

~heA~dese Ontr 04 the 01 r1.-S*b -tnter ba& oo~oerable

Mamaes in .1o10ecastli oscilutor mpvmont ,f tropical coyJneei as
ouwtIO a& by Aon 'The loreaster w=aVt U40an O"lutiltsc
is, eit.blishaeI by three orfou2r, f Ixe 'h~. a d4e~ZIe the
posibioli of'& dyeonsii In rJ0a0ipll to iha-.'i~tvtxsWok. -h

&ockar A.ed to ' '*atbv f,.ecoi4g otjIMIa-ag 1!qt~ad of' t
zeau~ piath, sar e.~ but -it Iis .bs1ltvew 0*f'evy Off ort
shouild beo'a to inodreaw ocr~q yIw~ toiml, OF&ne, oesters '

aro not cd~v Vc-d.th0-t ba~ yO.f~ , bll tr cks1 uroe
.reconnaissau.ce fixes, dw.i .. the 1951 season .pviast a; 13tweig" o2gc'

~or t40 eittends 04t such- v 1tt vsr 1.4 =q Is'o t~et oaly
* * ~1 cstrs3n tisare&. b 0v inedP, ' eset for the

* ,' touy. of reoinalesace f ixem durl thi -,1504M3$ seasusuetth
y, t~ fxes wIcjh #at Tirt apro tat a ver iunus~ stuation

* are u=.il! quite eredib3o.. whemn vieve4 -i~i -tb light- of at oauci1ty

, polation bfzs *~nue ore Aecumtely, beoatte the -oscij.-

16*~v nokmavlenthapart for -beat reesilts.0

Ia review, thoe 1ods ud taebbniques' mqst usable to the .,Ty~hdo

w~ thru ing V isior o a e x d po a ion, olima o y and? .4 a ti c
W~th46 ivtaonsofequi-~preasum~ebise~tor!, 24;hpur' yWeUt pro-

-ues iind'p~'of'i#es,' ej - convergaeae aind divergouct -lq~ wave
* ef~&~' per -64ArA~ aypte_ foote fan feecastihg momemaent alo~ng'

*an osi trftr~.h~ W. ve the mia iykg diehtu *of tvop1.oAl
q cyeon foreos~s'ing during the 1961 Steaimn, 'Mi1xed

* Wiih'ii leavening of eip rienxee they Al 4eh tssbe foreo-
dmet until such time ow. resear~oh ieve~s 'iore'vaiuhtws metuois,

teo~m~.qixe d aide,~

Au.1



0. ,R A .A TYSt0

Znl an effort to &LWt t 5Ci3Bprovided by the Tyhoon Warn-
Ing jetwork, err,'-s: fox bul tin location, 12-hour forecasts, aad 24-hour
f orpast bve been, coziptcted for all ouletins and forecasts issued during
tho 1951 Typhioon Season.. Mis ptxrpose of svioh an ova"4lnaon, Ito twofold,.
First, it I to note paints of weakness and to suggast possibilities, for
improvement. ' Second, it is to provide the ITetwork with a gide tO its -
.ocbiitie in providIng advance warning bo using. agencies,. No, .Dly,
users of the Typhoon %rning service arerot as Interested in the theory.
of, forecasting typhoon, movement and intensity as they are in the receipt
of accurate. forecasts far enough in Adyoe ef the tropicial cyclone'e

arkivol to take necesoary protective measures, For this letter reasont
therefore#. the method of distace evalutti'on was use4. -

In this method. of '1eance yaiton. P. postan&3-ysic traoI, sI upox lla, .ilable data, 't dawn= Because of the few reporting stations.
±z4 the area through which most typhoons move .syn0ptia ana Yise is, not ofC mwh help' in aourate locating of position* Most accurate ando, alao.
mzsotuse, ai rveco4xAissance fixes, The-e. are supplemented by Jgza radar
fixes when a.ailable, Jn drawzxg a curve to .satiafy a sot of, p(-utN. it
is cuite often possible to' draw several quite simlar ,mths, However;
in drawing the postana y 4 Vraok a pinqere effort is made tY 4raw:.tthat

trackwh±'best satifleg ajll fixes and d~ta. Uoesta=a sis positions
corresponding to USAW blletin times are included on'this track, ';g..
co-MPte JM ervcr this "41yanos in nauttcal mt~les s measure& between the
position z #iated on the pW bulletin end Vhes postion for the eoe." cnd-
iAg:time Indicated on the poostanalysia. tric.k,

Fest Position

fr A lu~letin"

0612

Various exror charts and graph- are' included in,this keport,. .Oa
page 30 is include& a chart showinr average errors Incurred by the nt-
work as e. whole for each Individ un tropical cyclone. Thee average ' .
errors ha-w been correctod and differ sliiy f.bi" thosel which' a"peared
in the in.ividua ! tropical cyclone reports. For the entire 18.51 season,

•hesa avera in n-uticii .00 '&6

M.. " "-Z1NIVzD r CY0GLi "'Z '

FOR NETWOK

Bulle ti*i 12-Hour Forecast 2 -Hour Fore."s
3ro ' "  Zror Zrror

. .... .4 •8 s.3i

- a



3MRQRS INDIVIDXA4 CY 9, --m wo 1cnt 14)

i1J~y1~.-ot~~Q~ct -2'4-Ho* Forecast

Iris '10d150.

Louis' 2046 0

Marge 070,

20 .140

60 Mb27.5 K

* 25 'a 185

wandla 30 75,121-25, 70 ,130'

Sao30 115, .1

s0 85 150

Ali, f'igur4B. -in wkuti-oaj. ;4a1ets ..

These aer&ges comafe with~ ths. o te I "4 1,16 seaso as f oiiows:

Bulletin zo(*EIbl% .- 24-flour Vbreeet .

5094 so . 105. . .0,

1950 so lie' U 190

'in. M#Q"~at- j*, ftote LnLba~b bU n lo~zcation ai#-.foreoausaig



TIPbe4- of Fizes Num-ber~ o ulletins .io ivixes/BuJls.

1951 i.68 .400

1950 6.9 ,.. 294*
1949 50 30, V/6

*Tki does ndt -inclutp .49 bU11oti~s.'-is$4ed east Of. ISO
degrees, 1qngitu0Lo# 66 4o piroyisqoni xfrOM640 for'reonQ-
naseane east of 1,80 -degrees at" tht tie

Reconnalosance fixes. '3.one are rot the answ~r to- the forem~st problem,
However* by~judicioue use of this #foreeasting Car.

A b roakdovu of emrge errors iure.by Learb hui fW-A
eah inviftal t ropoa c8cbze 10Lde '011~s 3 1ieg

Tehe overs11, aYgs. for -Ihoe alr0 ,seam4*44~re as To1-1oviti

Bul* f4i1. -B2-41L Post G'.24HotU Post,

Andet'se~ ;53 0 ~
15 . 25,.6 125

LOW 08 3' 13.0 3.95

The * .0ojPxe'with -tho 190 ,3O.1949 averages qs fo1o.,

90J7~u. ..o~ 125H ot2--rP t

190 43. 4 I - 8

qlark 14;."77

Toky .3Joe: 5 IS 110.. 1~

;9 83.30. 70

(:011.1-ts, i salxod. by: Uadeo i* not Ict.ided' Th these oomparisoms
as tIn 0,%Aioi was dropped~rom 'the Jetvoz' i$

It shoi4d be Zen tionqd at aomzr±soz of avovago betweeA the vw'ious
notwo'its is iao1t ecossarlly a omzprison of foreeas~ing abilit.t~
Bach network i14ilt h~~ ltm own foree-ati prob" ei Trz the Guam area
of' oeii rasponsibilityt where~ thoxa arc nocrally few4 data~ avdable,

* fokecasting Is &jone for the oul3y stages of a -troipica1 cy&16zs i.0 1if
* cyoI4. when the ato='Is M11 eflued. it little accuraie, ito ' Si.*

abl.e# even thou&h the origitra distu'bance zight ,Uvo 'been txoked from,.

Vueat t51us -f o3.ow40, 0.6 progress of the se dloturbatci* "usum&1ly

~3J



ealysis of tme-ammro ootiocss for individ~ual satibone. NTozMaly#
It It only afte-vreo ': GI 40e olnteru the picett wo tlzbt oem

l o i t i sdb l . p s i e v - , i -';* *I n,*e a m t r

XAthe la*k erea (if f or'oot ropspibility, *~otl.a, o*e quite
sizilar to th-006 outliue&-.'bo, e~xe7", t, sa~ heei~x
hitQory o e. i.4 y -A,, iiok ;6t mka of

'Ve~o~mil~saw,* -doossul gor lati. ta. aX-ios jmj

1ottoas amli . i te oe f o t I s- t~ ot. so'groi~tv fprj normal.,
4j, the tiropl oJo~e A . alread -rmeurv 4.'oz ed stage

of raumtue* 11weves5 %pid eoler&atkIon to $Poeds: iA ezCffeRr" it' 20
k~note ftre n1ot UAo~wro* WU Ap proait a probiexa, fov' thb 'f&ifto M
'be well rotecasto but an error2 i speed of 041Y Xivi ), s vLt IW sWigut
in. an eorror 6f 12Q laittiol miiles, aseumtug U4e bauiin1~ pqs~tiq~ t,. 'b

TUhega In4vidual 0tQ3 OVi a'e r hrfoe nlu~e4o
uat ned- ,aarily for compeaioo botwen~ 640h otherv but,.vatheri for

copai~n ih 'result$ x the61- $0Warea ftj pravioiza veats'o1 1i
gaeotthe ~pil indicatO that, big-letin. 'looa.tIozis hwiv 1pX~~d

4 ~~tho three year' £'ericlip t~him a r t 4)l truhe in the Ou1m
~ l artaeof Oforecn-t reeonilbilty* There MAs ~ ea .trpno f or

ifirqVrmnt qf bath tho 10, and.2-o~oe~'a s ~ a

quie-ftoei averagas aro Z10uadLinek ]Par this, rea'sono- 4iatrib.ition,
gra#.of *,he arrors imdo by Ae o' ork-inz4 also~ b7v ± lvidtuaI Atwork
units have- boon prelpred, ffese are inolluded oa ppo., 43 treoug 48,.
Iu.speotiZ..m these gr&Vho; show that the network va~ z issua*
bi4latilis .Ao per pent of whioh bad 30 miles or leak ro fi.n
pOslttons A160o,0.15 'ber cent of the 'l2-4.ou~r foreeeO.s vere',4oO~s*te

W1 thi~i .85 mi'lsg es r4~eJ if' ~e~T fU1 0u )

foet 7m4U were eg.'..to or 3:6s thai -the50.%i6epr'

*ozinArisoix between the 41 b bf those W 7 ,for

improvomtt for. tho network as a, v4AO, over the 190 00ES8''b
teen by the follovizgt '.~aouo~b

80 nawie.al Miles* 40' a.

% .24,a*hottv forecasts below
3M5 nauticml miles 50 7

.32



In order to Ovlupto iineat'i extapoip'tion. and climatblogy as
I f~~orecasting, tools, P. P3.tixbtw 4-lho,f Lorocasts made by

tJhese an& the -actinal 2-h;our forecast IrA4 mh"o,, Only linear extra-
polatton was use4 -in ~makc#g 14s cvrprison.beoauep.Qf the ±nherent
dtfficnlties-in anr Vqtm..of..verifytipg rnod'iied:'ekc~apo).at ion after
the typhoon boa occured, 4 sincere eff aFt'wa beenu made 'to evaluate
each of the,%e in the fairest manner,$ aii.d it is. qid1te pos stbe that

errreforboh e~poiatit a4nd climatology are staler than wou-ld
have'oocurred had the forecast been Dade a$ the same time azd usider
tte sai 0 conditions as the aettial forec a It. It is suggested. that 2+_-
hour forecast- position iu4 these, tools be Inclv46'd on the forecaster
workc sheets, Pages 49 throuigh 50 nluedt.ibtongraphs comar-
in& the 'three types of forecasts.
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--... . . ".' .' J ' ' 1

.45 11115 205,L:Q~X~

-. . . . o e ..

)olet45 -. , l"'o... .3.5.. ::, !0 ,
Tore. ast .,-o•.s

iris 25 50 6. 5

tLo' 4e 15 50, 6 5

ge o20 60 115 2o 0

1ora 0 50 85 1

ora 15 60 80 2

Ruth5 60 95 12

Thlma, 40 120 245 9

.ana 105 175 225

AMYr so 505. 140 16

Ba~ 25 105 175 14

AVeG30, 30 85 145 Total 138

All errors in Nautical Miles
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E7F20P. OHART
i "51 T2ROPICAt Q0L01::S

ClaI k Sub-center

,Bulletin 12--o 24- Hour H7o. of

Lqcation Forecast Forecast Bulletins

'Iris 25- 60 110 21

X Kte o30 1O 100 2

Louise 20 .45 70 18

ora . 070 125 12

Ora 25 60 140 20

Pat . 45 140 230 7

Wanda 20 " 65 110 27

Amy 95 65 125 .42

Bab s 50 140 270 5

Ave rage 25 70 125 Total 154

All errors in -Tvtiecsyi. Mi!1Q



(

1951 TROpXO O' oyo

Locatiozo Foreciat Fozece.. iietins

Trig 120 123 30 .3

late 1585 160 3.6
Marge 20 33 40 33

Pa 40

1am is 55 95 10
Vex& 5 75 I

Average 35 110 1 T6 Total 108

All errors in* waatice.1 Miles

'I
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The PomPrisotn of these t-rae, erxpomQ1atiConp olimxtologys and
the aotual forecast i: "to slightly better results for the actual
fovecast. However, it i_ ,t be remembered that all three forecasts
ar6 interrelstedq that iz, usualy aiz extzapolated. path is drawn,
then Is modified byc.imattlpgy and ynoptic analysis, The results
then are pretty much as might e expe tea.

All in all, error analysii for the 1951 season shows an ImproVe-
ment in forecasting in each area over she 1950 season., t should be
mentioned that this type of analysls is not the only mans of evaluating
the Typhoon Warning eervico It has been suggested that the e=rors be
correlated to, seed of movement e !ck of time prevents this being done
for this particular Anual aeport, However, it is suggeste& that in the
future an attempt be ade to correlate errors with change in direction
and change in speed, It is during periods of change that the largest
errors do occux. Thero are several pitfall- in this type of correlation,

one of the most obvious of which is when a typhoon beoomeq nerly
stationary'. %Is presents one of the most difflealt of forecasting
problems and, if correlated to speed alone, it would appear to be a
simple one,

In addition to the improvement in forecasting, 0operation of the
Network as a whole showed Improvement., No major SOP violations were,
noteL, Typhoon forecasters wpre more familiar with procedures, which
improved the services provided,,

--
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NMSTRISUKhI GRAPH
BULLETIN LOCATION ERRORS

3 N.WM. CLASS INtERVALS
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DISTRIBUTION GRAPH

24 HOUR FQRECAST ERROR

I

4 HOUR fORCASk~T E|RROR

40 
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DISTRIBUTION BULLETIN ERRORS
FOR INDIVIDUAL NETWORK UNITS

GUAM
CLARK

UUU.&Il ERROR

80
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DISTRIBUTION It HOUR FORECAST ERRORS
FOR INDIVIDUAL NETWORK UNITS

25 NIM CLASS IIITERVALZ

geo

008

p40
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0O ...... .. ...

0 7 wo A s6m 4 SiS 1OO SUO 3;5USU 4C
KRRIM INI NAUTWCAL MILMI

7 *... PORCNYME OF ZMRACS
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rIS~IMUJTMON 24 P MR ERRORS
FOR INDIVIDUAL N ETWORK UNITS

-~GUAM

CLARK
TOKYO~

50t
24 MR FORECAST ERROR

s0 H. k. CLASS INT%-

40

Ia.

~20

10
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oONPARE;ON aF

A0TUAL B~0RE0AST - ZTTWOLITI0N - I 0Lfl-TOLOGY

24-H our 24-Hour 24-1our
orecast ' Extrapolation climatology

Error Forecast Error Porecast Error

Georgia 125 195 140

Hope -315 245 155

iris 150 210. 190

Joan 2065 230 220

Kate 150 210 190

Louise 70 90 10

Marge 130 140 115

Nor.a 120 145 160

Ora 135 140 145

Pat 230 320 300

Ruth 140 155 165

Sarah 275 245 105

The.M ~ 1.85 395 210

Vera-

W'anda 125 115 155 H
Amy 130 135 -140

* Babs 210 190 150

All figures in nautical miles

49
49i
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- DSTRIBUTION GRPHS
COMFARIN ACTUAL-EXTRAPOLATIOtI-CUIMATOLOGY

S- 24 HOUR M~RECA4ST MORSf
1 -- ACTAL

EXTRAPOATION
CLIMATOUMG

M4 HR FO$MWAT 911O"

1"__ 225 N.M M98 IT40 49 m o

-10- 
- - U

125 s a ro 4
SMOR 4

50I



Do 0171ARXSON WITH PIflOUS yzA.R$

;Tn oonsider~ug oetion of the Itt~r~~e~hoai1 CompareG the,
ocuuxonqe an~d behavi,* of trcpical cyclo4es r1.ng the 1951. season
with that of pzvevious seasons.. It 1I-ag o -ton lbeen said that O5We is.
no such t*1. "saa~i3 typhoon s~eason and asax~r~a bat the behavior ofC
indivdual:tropi ,a. cyclones varies greatlsr ,tom the averages. It, is
truie that averhges do aoi describo troia.1 cyele. behavior. a iou&te1,.y*
bu~t this is quzite o m. true-any tize an art itmetip mean is used, to
desoribe'a peaomozon,. Siven the imbst roliabla1e averages are not. ba~ser.
'for proditinie the Value. Of the next in~i~ivial itaf. They =it bea Oe&P
hevort. -to deor;Lbe the probable cen ral te~Aenor -of a~ grqrPs and, if

ohosen wioe3.y and U~sed judaiciously, ;1hey Can be Of gxreat 'val~ue in the
present:Lh , of a, arlea or astiatia ft=6 behaviar6

it ts the, purpose of thie section~ to give a general piotixoe of
the 151 typhoon season, and oomparo this withi other years to aae if
any trends may be established,

Seasoml'D stribxtioy,

Incltied on page 62 of this' report is a chart showiag dates Of
ocourrencet nuuez of bulletins issued) and naumber -of' rsonr~issanoe
fixes obtained. fozr each individu4I. tropiqal cyrclone. Prom this a

* di~tribit,or. graph of the nu±ber of starms per month, was "eo, page 53.
In -zaklzg thsgxph tropical cyc~lones which -ocurred durtug the' last
poxt of the =onth and the fi1rst part, of the following month were
convO1.red to have oacurred .4A that mconth in which, the 'greater por'tion
of the typhoon oourrea.. Inx makitng ctmparisQns, tio grobups of historical
data were usedt d~ts from 1905 -1W3) incl.usive p~n& from 194W -1950
Inal'usives he. main reason tez dividing the data Into two gr~oups was
because of the manner of col13.oti,6A V1or the period 190O5 -0 936 MO
sources of daticwere s=rface es3s.dln reparting stationst *Sinofs

(I) 3.94 these sources have been~ augmentpd by aerial recon±tnissone ti
of lnteraet to compare the '1951 seas~on W4 both groups, then to'conrpare
the tWo groixps# witlh the 1951 seasou incJ.ugdd to see. if? there tr

eignf4.entdiff'3re~cesa.

In 1comparing distribut ion of tropical. cyclones AdUi'ng, the 1951.
seas~on with the -zwo groups of historic4l date., littl. if any# signi"'
ficant mriation from the noriw1 was noted. 1one with svtftci win~do
-IA e0woSQ of '45 knots were' reported d41%ig January or Vebruary.. There
was only oto per month f dr bothk Marph and April, These are all as I
night be ~expected. -during the first four mionths'-of the year, for~ it to8,
Indicated by historical dta that one tropical cyclone or lae per

~,I1month my be expected frV Jantuary through Aprila My and, June 'Were
qite normal w-ith two laing experience&, dttring May a~n one during Jane.V I Historical data iiid1.oata that fromi one to two tropica. Ay1~~ wh

* eurfaoe winds in excess of 45 knots ay bo expectea. during eitherz of
'1 ~~th-oi~ months, There was somewhat less aativit r than mirh eepce

durng Jnl ~n J~gust. inatead. of from three to f Q)urq there was onlyr
one vhT4,Cflths Season maximur. for 1-951 1.o)curred during October rather,
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than September. Homvc-, is is not considered to be a marked departure
from the normal, as theo v.wi: Le for Se-otember is four Iper month and that
for Octob~r between thrce Pad four. So, there are years in which September
may be the month of rknxi~imu occurrence and years in which the maximum will
occur during October. Novembor and December were, also, quite normal,
Perhaps the most unusual thing about Decembor was not the number of typhoons
which occurred, but the length and severity of a typhoon which did occur
eLuring that month. All in all, then, as far as the distribution of tropical
cyclones is concerned, 1951 was a normal year,

The two groups of historical data with 1951 tropical cyclones added
in the 1945 - 1951 inclusive group were compared, page 56, The same
general featuras are shown by both groups with minimum tropical cyclone
activity occurring during the first four momths of the year and maximum
activity occurring during August4 September, and October. There are some
differences, however. During the past seven years fewer tropical cyqlones
with surface winds in excess Of 45 knots have occurred. during the first
four months of the year than did occur during the 3 year.i1eriod 1905 -

1936 iniclusive. A few more tropical cyclones did occur during October
and November during the 1945 -. 1951 period than the 1905 - 1936 period.,
These sl'ight differences might be explained by the shorter period of
sampling,

Areas of Formation and intensification

The great majority of tropical cyclones originate in areas where both
surface and. upper air data are scarce. Since W7orld liar I, aerial recon-
naissance has been of gruat help in the early detection of tropical
disturbsnces. For this reason, areas offormatio& for those tropical
cyclones which developed. during 1951 are compared with the areas of
formation for tropical cyclones since 1948.

A chart showing the points of initial detection for al tropical
cyclones occurring during the period 1948 through 1951 Is included in
this report, page 58. As can be seen by inspection of this chart, the
points of .nitial- detection are scattered over a wide area* The averages
for these art as follows;

Year .v Latitude Av Longitude

1951 141 N . 53

1950 19.IN 1354,8
1949 15.7XN 13'.5B
194 8 l.7N 1381..

4 Year Average 168I 137,7E

Median values are as follows;
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Year 1 odiaa Labitude Median Longitude

1951 13.9N 141, 53

1950 21.5N 134*0E
5-949 16171q 131, 8Z

1948 16. ON 138.0O

4 Year Median i6.0N 136,7$

During each year the median and mean values agreed quite well, As can be
seen, it is rather difficult te describe any one sxma..l area in which
tropical cyclones intensify. (It is ass.umed that most of the tropical
cyclones were detected soon after intensification during the period 1948
through 1051o) It does appear from inspection of the above tables that
during 1951 intensification occurred farther south and farther east than
during any of the other three years*

nAlthough tropical cyclones do not have a small, definable area of
intensification, there appears to be a source region near Kwajalein for
tropical disturbances. Many of the tropical cycloncs which became well

developed typhoons during 1949, 1950, and 1951, developed from easterly
Waves or vorticQs which can be traded, back to this area. The charts on
pages 60 through 62 show the suggested path, prior to intensification, for
those tropical cyclones occurring during the period 1949 through 1951 that
could be traced back to their area of origin. Unfortunately not all could
be. As can be seen b~y examination of these charts, many of the initial dis-
turbances did come from the area near KwaJalein.. This does not necessarily
meani that the initial disturbance originated in that area, but they did at
least pass tlrough the area, The actual area of origin may be farther east,
However, not enough data is received from the area east of KwaJalein bo
determine whether this is true or not, Nornally it is not until they pass
that station that these disturbances can be detected.

These initial disturbances intensify as they move into the area west
TA Of Guam, although some attain typhQon, intensity before re6ching Guam. During

1950 several of the disturbances, while still in the, vortex stage, intensi-
..fied. while recurving, During 1951 most of the disturbances intensified
prior t'o recurvature. This is much the same as occurred during 1949*

it appears in comparing areas of formation for 1951 tropical cyclones
with other years that 1951 was a quite normnal season, Most of the tropical
cyclones developed from disturbances in the easterlies which ased through
the sare areas as In previous seasons,

Speed of Movement

Various average speeds of movement were computed for all 1951 tropical
cyclones. These averages compare with averages for other years as follows:
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1949 1950 1951

Be-fore Ceourvatl12re 1Q, 5 l0oQ - 9.5
flDuring reouxvature 9.5 9.Z , 9
After recuvatia-e 16,0' 1,.,0 mO.0

Overall average 2,20 129c, 120

In rnak~ng these comparLsons veg spe ed.&'Qr all three years, were
~omputedt in the sm a xi nez' and Irounded of f to the neares t .5,kno~f.
There'is &n aprecimbie. "'Uqronce between the averages. iPcluded here
for 1950 tropical cycigonei and. those, vez'age s publiohe-ini b'ho 1950
Annual Report,. The averages used here hdVe been rechecked and are
belieed to be corret,.-

lhe rang ofredsfr151ws om ne~rly stationai'y to above
3knotso The same wide range has been e~zhfbited by tropical cyclones

of ethe yea~spIntensity 1
All trpcal oyclones. d4iring tjhe 1951 season attained typhoon

intensity*. Four, 'of these Georgia# Hope, Joan, and. Ay dissipated while
still over-tropical water'. With the O=.eption, of Georgiat all of the
four had either beoe.sa ln~y or execut!0d small ap.tlcyolone loops.
Atter attaining typhoon 1-ntenoity, the other tropical cyclones maintained
their intensity until they l400p extratroptcal or moved over large land.

Direction of X.ovempei

-1 Mieotion.of motet~ent# although, varied# was not much different from.
that aux'ing other seaso~s, OhrB ae 5 through 61, show the trackcs
o f 1945s L9650t and. 0951 tropical cyclones. SQMe ofi the, tracke along which
'the Various tr~opical eccbs moved ftrizg 1951 gave evidence, ot a tyrpeIof osoillatory, motion,* There is'nothing different in this from:4 that Of

.previoag yeorsi As reconnaissance f~tes have Oftei. indicated thi~s type of
movement, 114ring the 1951 season an effort viasI mnde to draw the best path
that satisfied all of the ,fixes on a p til x tropical -cycone. XVprdyt.ous ybars a hean path has been drawn, The fact that such oscillatory
Iath4 have been, -dav by, the P9st Analysis Board this Past se~bon daies not
nedesparily mean that they do behave In this mannar* Howeverv it is the
opiniqn of the present Post An~lysis 13oakd ambero. that tropical cyclones
do deviate ulightly from the mean pth

Alsot during 1951, four of the tropic~.l cycos appeared to loop
ant.Wye"LOWIcally. 'This has occurred during other'seasons, andL has alwvays
presented a diffuIt forecasting problm,. for there is,, ~ yet, no knowen
accurate nothod for prediotifig ouch 6 phenomenon,

A6



Only 'four* of the trasicaxl cyclones during'195l did not 'ectu'vp-
or partially reci~ve. *7- 'nd Hope were in 2adtnced stages of :eura
ture when, f irst &etectc t. 73ath of th~sp iobped th~en quickly dsslpated,
1Georgia .4e. -ylnio'.lly, rntlaer than *anti cycl onlcally, bait Tr~ene
the Same f'ore Casting , pVIbn ,.s anticyclonic redurrature, . Ie U's inr aa.
advanced st~ge of reaqurvotuare 'bef ore' being ,detect-ed as a typhoon.~ Amfy
,began to recurve, iir.bple drn reaurvature, then 'became n,-arly
ztationary and moirod . o%4twcstwar. j~ual t~e saxs arbei nxose from
re~ourVattire li~ring.X0,5;L. a&s du~lig the 1040. a di J.50 seasono.

..The ;6011041ng sectio~n icld aiotnarreativ of e64,h Of'the,
tropic4 cyclonesq which' occu rred duiwing 1951.
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21.- 25 H4iicb1951

Th 91typho0n4 ae' ra Q

Oyclbne , Ge r t Rpotts fzo Wr i nV"udtic ~ oe i0coii~is s-loI cicul~ation ear? 3 degrees, zotth 158 dGae"' a ot. _'o Ih0~ sii
it movec. notthoastward& paszizig tppz'o~imatb1y 20 'tii>eis 161th ot X1waJ6lein
at 0800z, 20 Mar~ch, giving that, .taon &ast szce 'Vn&o of 6proi
m~ate61Y 60 l-Motsbi eatov At V Aj'.ei -'X6 n08696 to A~nde ezA
'eatlier Oe~traj. Tz'opads vero then-thiti~ed. hen redofinati Moonc

trrived~ in the spebdre f1Mrha typhoon vith windfs in
excess Qf100 1nQot9 vsf%'44, TYooz'bUl1tias wa're il~itiE te by

. 8~re " Weather' G0eutraj MnAaJIiAg th~tropcl~~oeGer~ .t hO
iiz of &etectiont. 'Gerglia-w moving noriwth#,,: This nortbeatard
lhovemem cntinved: UA the tt o pida~lon re-chd a' pobitiou tiai
9 'degreps to.th -171 degres est .'t his .position 5,e'or'is, icirVed b46k
tow-ail the '~est with. aradi1%, Pf, re ur~el of sap xkimately 90 mxtical1
miles. ,Moving vlostu r4 1 the .path bt Georgia .took. ueazdtj 10ala11ed.
,tu P~ih a1 wi~ t had moved bef oro- reduwving.. At the tr opical
c yc1ono approached E4ivet.9k~ t 'begn diE-if 04at,.~ rapidly and,',by 25 144roh

it1#*s dae;nOd to be ng longer opmiopalV hzrot it

iltl
,n1*20t Aril 195

* ~Early in the mou.th 9'~ii.ca of ~L~ hoaie a ntd
&V oping ner 4 4egrees north "70. d.ogrees east-. From. -one of' these

stmllvrt3*.es Hz Po Intot devlp ed." A4aiysis. of re)?rts froma a
routizne GonVy:00 g fli~tmac d vortex adar4..e~e north
163 ere tattQOZ 10pri.i, 'Other reports froia notmal oocnley

jreconii Fq,-G 10£1 4~~4t~ wtMP& Mqv~ro.4 by- thi's 'vortex,
V ~ ~~~Z lFy 1?4pri l't' V i~ 4 ved .i.4. ipnrvli4tr Gog a'c.

I ~ ~ r~o~.aads were initdte'on' 1Azil -by -forecaster# tAdre~Wah2

* 0~e~tA, becam.se of hU e ?ttoD; 9f ~o~tbir noted at Ga1~

7, ~~ The 4heg A e6~~0 Squa oh*VPia Voxeste4 to6 teconnoite IV
*thp axeaq, A. storM 1eo~ n~e er15 tegt'eo fort'h% 2u5 . *l

degr'ees east~ Anderseh V&. AhOta~i~atd~1eiS o p
which was At that time r'her~es oeurjA& goon. after t1fie,-
secondl fix, whieh' was -obtqinad at 180600Zi Hope became nearly stationary.-

i laa04 hur . -After .oqpin~j rapid. d z'ipationu.ocurrs& as UhP stor~

Move& firstesar thei1 n-il~~ 48i h~ c olrh in wass
.................................... r



V he third storm to occur in, ti-iol5 yho scasry, was iris which,
d~rg its 13 daez existence, moved. somue 4200* nautirAo- milo0s and

i~hd.new ~ o~,,ujar.o bull~etins- issued and nuT3e -of
r. n Ca 1 -o 0 fie I ba~e 6  ;w ~ot.r -a sqipface vessel near
'6o. degtodes north.-144.5 degroev. .-east -indicoated.,, -winds- ia excess of 35
knpt*, ,!rObds -Tefr~ initated-by 'Ader rev Vthe'0 4And. reoo&kais-!.j 5,anblc -requea tea. ZOz Z0 Alprl1. A ttop ica .st~rm vao foun&- qp~itere4. Aeat
8 4e Irees. north 141.5 degr~es vast. at 3002l5Z&. _Xajcimu s~rface6 vl nd~s at

thM tie were~eti~ t to h 55 'knots, it' all q aiat'~Ii mvd
alongantoillatori paV4 from the' position. of tnttioa poinetz-ation un til

* after, crossing'the Phi '.ippiuae telt~ds. After.- entsritg the -South-OhiiAn
Sa the typhoon began t eurve -to the noethe st., . The path boem ver'y

regi4ar aft~er reourvaturs h~d oc urred..- k problem did, Axise concerning..
the 'ta,.sfea of tOrecast. respohsib5.Iity ip. that "tid alSA o 48O a periOd: of j
tz&dua1tion trom the 1950 t6. the 1956j -Tytoh Aarn-jm' $servio4e SOP, Clartfi.-
datlqon a' tQo' "to transfer toreccst responsibilityr w~s receive(! f I m.
H ~ --eaW-4C1 -at e r 2 14d 4r 11o thr WI I . Ithe 195 SOP *, sf 1 f , or -t r anA
fe'Otf frecast. responsibil it. Iri moved ixotVz~a~t, Eatt'ap o i te P5
knot-ohz'oitgh To1~o Weather Con~tra1's atrea of res nibilit y uini Q My
Theu' one of the iost diffjceu~t forecaoting proolops- Wwe.encountered. fozi,#
at this, point, Irie beign looping. Thist was one. d the .four troptical
6ydO~es to dO thipr during the 19-51 ~oe,= Izpid-dissipation becouxred
after looping, and the tinaJ. bulletin s issued on 1.2 Xay at 00Z

~.TOA2N
7 -l11May 1951

tor.ai. the. *rshali Islander are 'Hor~y w
O vert' !-diu'1p thadq5 a sn .to totz0sK.-AfTted these. islandq first, was
Geor#i&, the a90,on& Joan., -35dh (lu~tdj ring their brief qicstdncev
l ar _q toem~t problems* jTanr- *Wn. flrsto positive .0y.4doece of- a.tropkqal

~~~~~~~~~~~~~~'t -xs newsbt~,e, ~ i~~~ a~~de~e of~ recurva-
w tirzt pos~tive evidenoe. -of A0n**it0a!:WL given by, An hir

jj,' .orce f.ix'it '079230Z, Withir- -36 Maurs~J~ :,op). x ni on'oop
and. &Ain. began recurving.O fldwewVr, -~ tO dls ~o ooured, within.-ZO ho-4s
aftoz' looping and. the*fi Al balietinaiwd tOOZ 4)4r

29June -. 2 jUly~)~

*Pro~gress of a vortex w1i.h was. -Orginiall.', detected near 7 .deg~qes,
noth159 dgeseast at 0-600Z on 1.7 June was follow04 -ad this disturbance

mod vetiar t pasosing some 450 mileo oouth of Guam# By P25 June reports
*from aircoraft flying' Ibtven the Pi)Alppluea an& Gwit Indioated that a

t-zopi~a1 stbrm existed soewhere south of that zouxte net~r ".19 degrees east



~giti~ Andersen iferlbhe~r Oentra2 beg-an issutne Pao ds a~. ete
Yhe 4A4 9 3 1a ~ s qadron irneztigat8 th~e suspecteI

a~reas' Au a %oraft, dey .. ir oa26J~e nppon 4ri-ml t the.
suspected aroee -f o=n4 .cYAoIi cticu3J ti-oa Vwt4. maximum Vi~db af 35
]nots. The o~ter was iiear , idgr -,r~orth 1.34 degrees east. Xt wO
depid1ed to cary this area o6 !Arpds ~te on, Z8 tJune, reports from

[ surfae -vessels .ind~catzd thait tt~i vortexc had further intensifiied, &gairx
the 54th $tratbgla Recow-ziqs t SquAdron 4as r~1uestod to invtigate
the areg# This time e t "pon i iDh~Akm winds of "75 knotsa wasfound..
centte1'e.'near L. degrees uortli 127 degroes, eat sa P90400Z. It, Was at.
this *4me i,-, a fa advanced stp.g if~ecwatuve a ,partioaUlr diff icuitios

1,1, 'em'. "terqdin £:ocZtn the o sUped or U4zedt1on as itmoe
- 008 wo at4e 't. a o de of itee al n t

norsed -qby ' 5J~ tOOZ eorsfo lti zdcthe east
~resenoo of Sh toikal dostvobii.o ot-Qte5' fta sa ~

Late',oi 2. juhr-ur -opid.aod i oe nt ~the. 54tde ut tei 6 609 Within 12
Squao mxizuiti~td dohien'ed to 27Ju. ran0,kh oud o.fllsdo.,oe

wetei. we'rehp 4n~ae g~ eo~Wahr eaIt ealo tOt asiaig t It

passedvery inte on 'S ay itg. 060-.'1 evi .enoe o;frm Msiltoitiqte ~ et
Lo'rse pte of thre oast dotu1~rtherro ton irorhes 30 f Ju1ar,Ao awd.. t*

P=6.. te 0a4O .,tro ntpoo tatW bx 'pr tessurae 'falls at 6 13 the tl~a m
Squ40 adro invediatto re4 'oni~ 2hi7a JUT and. the ouly .o, -fully ceop

.',dtyhaoen cbae'd ben. cut4 thdghp nOrthrn 1.36o4 dereesi 4eaga 2701 05-4
Bulletins ad re iitd y At1eroQZ 2 'ouea ot'e, O'Qira siga thet rearH

oui tf the typngeuo Tyheon duing thl s oneo Cal-ge Olne moved
53bultis ee sstd~~trv~tec0Y5 atta -ivined rpc t.

wfsrinte. a it.d einO'wgve ± PvndeoI sc sltrylveZt. aez

~* ~ . t~ttie Marge 6' ne1t. of Noior~r 3 dra eat Herend o
sthb 06urtux' P, O V On onoweer

."*i thb~*' tor ~veda Ore% the wetcat o

Lois b9i4w9M'n31 a ie vt



Zoethen croted thit )enlnsu1a betwei2 eg'e ad degrees 'north
l~aiu, B3y 4Aigst, i' o, o~cone Aqag deemded to. be non-hazalrdous,
Opebai6ma,!IV, so th2e :fi~a. bullptin-m isasu~ated 3w- vpyo Ifeather 0entral.

ReC~~na~issance; Sq)agn irst 3 theU ar neXjjr A hooh1e
~~~.de ~ ~ SB l tins)~~i io~ton~~~rte±tnit fo~O,3

TO ictd iutenificitypn ntesity PAr intaedb.1z' n~
acrS. h riteutiod:Im h LUZQU t TpofpTeriik on. 23 ke iot 4 , ket

oand 1ostn Setebrvqoa'.& co wdbn - uu#, because.sd 'o i~tyheJ, mIot ingrop
of wethep~zearan both If±tetfe an of Qee!~4 Gupp 3. .Se thet]
* topo suapi1e S"4ociu&oi~t the arieae oeit sd Ateorugh:inAr

on1SeptmberNm ho a edesd noat 'While~ monn ato-
ButbPilipp2. es -a~.oh, fnensging isic~a at 6Q kot wi;hi 3etrer the4(2 thoo was re~oapi0&M ap;T~chfi '~i ~cthe ocs n et ~as lhe rac of-

ir-tai t4t tph~ etphoo in' Ohi Mid passipg not *of otoezo ,

18 epe~er )b ~u~e ~s o~t~ p~J* za&uigOls

IR tet~r 4$A *betzi M&ihilt 4 fous bvt reao ig-

$U;etI2 wasX~ 4 aouie& fo,6ulg i4i#a~ t 6Q o ts wvh1ai ~th nexopd4
Ors5 i. o -quvitea ihmiur, iotht* of1at$a lftr'. 4 a aery the rhiOippthen
a.oi Vts a t4I,v 0 r~ 96 isyt&~t~~0 eaeds~

inoteaGA WIA t~66itl_4& atr aor ot-fJo o

isSetobet.V. a~g aSjo 0t op~ltil- aea drlg <I

exiet $tettoooe.e h4-Ate'ot h
,--U 'I over ___

Ut~~~ ife h r l-ccoemv

Rs~pxj he19q,.6It'iL su byClrkat06OZon21Setelbr*
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aelack ale ti ae' t 'rPOV ts xz 4 , icetu wd
'evi4dom Of 4. vQltex ±t,.3 $out 6htij 6e wi4,,%pO ~.~p ~ ~zh . hd m pOle up yCark&

and8 1ti eeTea of0901.6,5 06pta be6a 15ea sid r~'~ Opthd .3 Jo

R-dip is~iw9 0 e,4

area aaid f'orn 14A wia Pormns; Upo amio st,~x. tkzi ''ql

t- y2 u,.ti,)

geU~o1aoyJ50 y ~obx Tt: W0.1 AQV ~t10 fr ium

vinere over 04 28 Q.#23tobeZ,d~oig~n atrcratbo 4et*1041 ins In t1Ouan~i~ was~ el4ert tozthare tQb@40 'otu Anc tw ~ -iw pt&~~~a~ao

_ d,. 1, -t~ is, ,1h ~ . 104Y. vaY **,Anh

150OZe~'~ewu~g oA.4 h Jovo4 wogtwexA t~tdG~
-i~eiiyit wtt k4p We' i onbutaiXwa~ ouvilsind .Sor ,ait asin o

J e~fcQ wneni iat Mioi a eo'plt bee z'od f~~or 9. Octo~o 33

a tpIk IIvt d~d~, Q,~t a
fom '6niQ ex14'-4 8'z l



~esi T e19 ziecess of .5 maji2Upibirf O24 hlour was noted lle'-

cast-repotilplit W;s wo;lgled to,Tokyo Weather Qentva. anid the' f irt

$44ri a~.t~f k.9QO, g~~ .,l0 4 isi~

~ ~ ~ 4,Qthe o wpc a- aP 4th,Q og

e~ed. sn 2. 0etea ,a: M >, ~ ,~ '

Yh timetif 141 tht . W4 41 2400Q

V d vt iiauc of1~ a orerUpsasm Vai t ,Oiea- -by~o~I v ltts 9 t
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atronger winds were fouLnd i.n the )n6rth. Tter 4 -secotd penetration was

made and winds 'of 85 kots tviee f'ound with thecne oi 50mlsnrh
vast of the, earlier ;osti8 -tite eterosrer on Vulture Yive
Amy, repor'ted ti~o. coxpletl eixl~uAtlons. -At 06233OZ the prjm~ry nentep was
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Within 30) hours after recrr:.vatare Bjibs- as m~oving at a speed in excess
of 20 Imots and ootzx .. 0 acaelotate to above 30 kn~ots. Rapi 'd
dissipation occurred as tile typhoon moved. into an.atM of strong'i;ester-
Thy winds. By 15 Dpcembext littlo evtderice.:,of .au .t-r'Oi 6 al ylfeexist-
ing was found by, regonnAisuano.: Thtjfa9v.h3;1tin -was isu~d b* Tolgyo
Weather Central at :1508155zw Thus 'ede aewihbe'gaa ani ,Ea sterl3y Nave
12022, the last storm-to begin d.urin the 5.%an."The"1951 typhoon
season 'actu6,ily en.dd vi th the- dtsit ion: oS! Amy, cr17 Decem'bdr.!
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It appears that the pz:iP~t'y wevtkaeas in trdpical cyclon: forecast-
ing has been the low rience level in this fiId. Usullyj a fore-
caster acquires enough experibnce in this field to be of real value,
then returns to the Zone of the Interior. It isr ecommended that every
effort be made to stabiize the assignment of personnel in this field
and attempt to secure personnel who have prior experience in the fieldo
New forecasters can be fed in-o the system from tropical meteorology
schools and from the large number of forecasters with meteorological
experience in the tropics although not necessarily in tropical cyclone
forecasting, It is recognized that such a program would be a consider-
able problem in view of the requirements placed upon the Air Weather
Service by the current expansion of the Armed Forces*

It is recommended that a Tropical Cyclone Forecastersi School be
held prior to the beginning of each "season" to familiarize designate&
forecasters with theories about causes, structure, and behavior of
tropical cyclones in this area. Perhaps a two-week school would be the
proper lengtht with one week devoted to study of the Typhoon Uhrning
SOP and problems in its use. A .u±ilar school was held on Guam in 1951
and the benefits derived therefrom are believed to be well worth the
man-hours expended. For example, not only was the forecast error the
smallest t6 date in 1951, but the Typhoon Warning Service was almost
completely free from the type of procedural errors which plagued it dur-
ing the 1950 season,

It is recommended that the designate& Typhoon Forecasters fly the
main air routes adjacent to their stations to familiarize themselves with
the normal weather picture in order to better evaluate deviations from
the normal state. In addition, it would be advantageous for the Typhoon
Forecasters to fly at least one iqr" penetration with one of the recon-
naissance squadrons during their indoctrination period.

A great amount of data about tropical cyclones is available at Guam,
Much of these data will never be used due to the operational requirements
and shortage of personnel for the Post Analysis Board. It is recommended, )
therefore, that a well-qualified civilian meteorologist be hired and assigw-
ed to the Center at Andersen. He would be free from operational require-
ments and could effectively advise the Post Analysis Boar& on research
problems, recommene. data requirements to be requested from the recomnais-

4 sance squadrons, etc.

It is retommende. that a joint Air Force-Navy Pest Analysis Boar&
be established at Guam. This would result in economy of personnel,
communications, and materiel in avoiding the existing duplication of
effort.

Firallyt it is recommended that a- Northern Hemisphere analysis at
200 and 700 millibars be transmitted by facsimile to all units of the
Typhoon U rning Network in order that the behavior of long waves may be "l '-
used in forecasting tropical cycloneso These waves play an. important
role In every phase of a tropical cyclonets life cycle from initial
intensification to final decay.
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